SUMMARY A severely affected case ofHartnup disease is reported,where the patient responded rapidly to nicotinamide. This supports the view that all the clinical features, except reduced stature from general nutritional defect, are secondary to tryptophan and nicotinamide deficiency rather than to an unknown toxic factor. Severe malabsorption of both tryptophan and phenylalanine was demonstrated. The dipeptide carnosine was absorbed normally whereas when the two constituent amino acids, f-alanine and L-histidine, were ingested, absorption of the former was normal but that of the latter was grossly defective. The suggestion is advanced that in cases of Hartnup disease protein nutrition is maintained by intestinal uptake of amino acids as oligopeptides rather than as free amino acids. By contrast, both modes of absorption are probably important in normal subjects. Radiology of the small intestine is abnormal in Hartnup disease when a large amount of protein is admixed with the barium meal.
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Hartnup disease is an autosomal recessive hereditary disease which manifests clinically with a pellagrous rash and neuropsychiatric abnormalities and is associated with a diagnostic type of aminoaciduria. Impaired transport of certain neutral amino acids has been demonstrated in the proximal renal tubules (Cusworth and Dent, 1960) and in the small intestine (Milne, Crawford, Girao, and Loughridge, 1960) .
Since the first description of the condition (Baron, Dent, Harris, Hart, and Jepson, 1956) 43 cases have been reported (Jepson, 1966; Dauth, Dietel, and Ebert, 1966; Nielsen, Vedso, and Zimmermann-Nielsen, 1966 ; Wong and Pillai, 1966; Seakins and Ersser, 1967; Oyanagi, Takagi, Kitabatake, and Nakao, 1967; Pomeroy, Efron, Dayman, and Hoefnagel, 1968 ). This number is based on the view that eight cases in the family reported by Oyanagi et al (1967) were homozygous for the anomaly, although six of these were completely asymptomatic. This paper reports a further example of the disease and provides additional observations regarding the pathophysiology. Reviews of existing knowledge have been published by Jepson (1966) and by Milne (1969) .
Case Report
An unmarried woman aged 25 was referred to the Psychiatric Department, Westminster Hospital, in an acute confusional state. She had always been a vegetarian and from the age of 7 had realized that she was abnormally photosensitive and was forced to avoid direct sunshine. When aged 12 she had an illness including 'fainting attacks', cramps, and diplopia. In the spring of 1966 she was able to sunbathe in the south of France without experiencing undue photosensitivity. At this time she was eating large quantities of fresh fruit and Camembert cheese, a diet of adequate tryptophan and nicotinamide content. In the spring of 1968 she visited relatives in Kenya, and had some difficulty in arranging an appropriate vegetarian diet. The main bulk of her diet at this time appears to have been maize, which is well known to be pellagrogenic owing to the low content of tryptophan and nicotinamide in this cereal.
A month after her return to England, a rash typical of pellagra developed in all areas of skin exposed to direct sunlight. She had a 'fainting' attack and became mentally confused. (Evered, 1956) and Urinary amino acids were tested by paper chromatography using butanol, acetic acid, water and phenol, and ammonia (Smith, 1960) as developing solvents. The quantitative estimation of amino acids in a 24-hour urinary sample, fasting serum, and in the tolerance tests was carried out by ion-exchange chromatography on the Technicon amino acid analyzer, using the standard procedure (Technicon Handbook, 1966 ). An aqueous suspension of L-tryptophan was ingested in the fasting state at a dosage of0.07 g/kg body weight. Urinary indoles were examined by two-dimensional paper chromatography in a basal 24-hour sample and in the urine collected for 24 hours after the amino acid (Dalgliesh, 1956; Jepson, 1966) . Urinary indican was estimated in the sample by the method of Curzon and Walsh (1962) .
L-phenylalanine in an aqueous solution at a dosage of 0 1 g/kg body weight was given fasting, and serial serum samples were analysed for the amino acid. Similar tolerance tests were made using the dipeptide, carnosine (8-alanyl-L-histidine) at a dosage of 0.286 mmole/kg body weight, and a mixture of the two free amino acids, /-alanine and L-histidine, at a dosage which would have been derived from the above dose of carnosine by hydrolysis (Asatoor, Bandoh, Lant, Milne, and Navab, 1970) .
A modified barium meal radiograph was taken to demonstrate the effects of amino acid malabsorption. Two barium meals were carried out at an interval of five months; one unmodified using 300 ml of Micropaque, and the other with the barium mixed with a paste of 25 g casilan.
Results
Paper chromatography of urinary amino acids was typical and diagnostic of Hartnup disease (Jepson, 1966) showing gross excess of many monocarboxylic monoamino acids with the notable exception of proline. The results of the quantitation of amino acids in urine and fasting serum are given in Tables I and II, stage of the illness and after treatment. After ingestion of the amino acid there was excretion of abnormally large amounts of indolyl-lactic acid, indolyl-acetic acid, and its glutamine conjugate, indolyl-acrylic acid, and also of indican. Indican excretion in the 24 hours after tryptophan was 1P34 g, a grossly high level which suggests that at least 30 % of the tryptophan is unabsorbed (Milne et al, 1960) . By contrast kynurenine excretion was abnormally low, and was undetectable by paper chromatography both before and after tryptophan ingestion.
The results of L-phenylalanine tolerance compared with those of two apparently normal adults are given in Figure 1 . It is seen that serum levels of phenylalanine in the patient are abnormally low, indicating malabsorption of the amino acid. The results in normals agree with those of Hsia, Knox, and Paine (1957) investigate oligopeptide absorption in Hartnup disease. Carnosine was chosen because it was readily available in pure and bulk supply, and was known to be non-toxic and a common item of diet in non-vegetarians. Figures 2 and 3 compare serum histidine and P-alanine concentrations after ingestion of the dipeptide and corresponding amounts of the constituent free amino acids in the patient and in a representative normal subject. Absorption of both f-alanine and histidine is seen to be normal after the dipeptide, but the histidine absorption is abnormally low after ingestion of the amino acid mixture. Histidine transport in the small intestine would be expected to be abnormal in Hartnup disease, as it is excreted in the urine at high clearance (Evered, 1956 ) whereas falanine is a member of a separate amino acid transport group in the kidney (Scriver, Pueschel, and Davies, 1966 ) and intestine (de la Noule, Newey, and Smyth, 1969) , and would therefore be expected to be absorbed normally in Hartnup disease. The carnosine tolerance test is described more fully elsewhere (Asatoor et al, 1970) , but comparison of the results in the patient and in five normal subjects is given in Figure 4 . Here the tolerance is expressed as the ratio of the increments in serum concentration of the two amino acids. As they were given in equi-molecular amounts, the ratio of the increments (histidine/ /3-alanine) would be expected to be approximately unity provided that their respective rates of jejunal transfer were comparable. This expectation is seen to occur in the normal subjects after both dipeptide and free amino acid ingestion. In Hartnup disease the ratio is normal after carnosine, but is grossly low after the free amino acids. It can be concluded that 3-alanine transport is normal in both tolerance tests, whilst that of histidine is normal after carnosine but greatly reduced after ingestion of free amino acid. The technique of the modified barium meal has been used previously by Laws and Neale (1966) to demonstrate carbohydrate absorption in cases of intestinal disaccharidase deficiency, but has not been described to date in hereditary disorders of jejunal amino acid transport. The control barium meal and follow-through examination is normal (Fig. 5) but the one given after ingestion of the casilan meal shows abnormal results ( Figure 6 ). There is considerable dilution of the contrast medium in the proximal jejunal segments with abnormal clumping of barium. Similar differences were not seen when the examination was performed in normal subjects.
Discussion
The clinical description of the present case of Hartnup disease resembles that of previous cases in most respects. Nevertheless, such reports are essential in rare diseases before an adequate statistical survey of the manifestations and clinical variations can be accurately assessed. The acute features of the disease occurred at a later age than in most cases, as a pellagrous rash has been found before the age of 10 years in 90% of the patients (Milne, 1969) . In retrospect, however, in the present case early manifestations of the disease were almost certainly present at the age of 12. A combination of unusual photosensitivity, mild neurological disorder, and 'fainting attacks' is suggestive of Hartnup disease, and should be an indication for urinary ( and nicotii previously been reported by Henderson (1958) in a case of Hartnup disease where the diet chosen consisted chiefly of corn flakes. In Hartnup disease there is reduced availability of * tryptophan for nicotinamide synthesis, and consequently pellagrous features occur more rapidly and easily in cases of the disease than ____ --___, in normal subjects eating a similar, partially * * * deficient, diet.
Furthermore, similar deficiencies of other essential amino acids, particularly threonine, phenylalanine, and the three branched chain amino acids, might well be expected but are not so clinically obvious. Colliss, Levi, and Milne (1963) (Fig. 1) , is only 0-16 photosensitivity (Weyers and Bickel, of The jejunal contents contain a complex ipounds. In addition, both the present mixture both of free amino acids and of numer-)usly described patients had little ous oligopeptides. The results of Newey and ability after amino acid tolerance Smyth (1960 Smyth ( , 1962 suggested that in addition as normal subjects often feel nauseated to the transport of free amino acids, the small rarily unwell, especially after trypto-intestine might be able to take up dipeptides. tion. Since absorption of the amino The finding that oligopeptides of methionine and v and incomplete in Hartnup disease, glycine disappear from the intestinal lumen ;s appear to be protected from any more rapidly than the equivalent free amino ects. This interpretation also explains acids (Craft, Geddes, Hyde, Wise, and Matthews, exacerbation that occurred in the 1968; Matthews, Lis, Cheng, and Crompton, ttient after a diet predominantly 1969) indicates that this may be an important of maize which is low in tryptophan mode of protein absorption. Following uptake, namide. A similar exacerbation has the peptides are hydrolysed either within the Studies on intestinal absorption ofamino acids and a dipeptide in a case of Hartnup disease mucosal cells or at the cell surface (Newey and Smyth, 1962; Ugolev, 1965; Cheng, Navab, and Matthews, 1969) entering the blood as free amino acids. Carnosine was absorbed normally by this case of Hartnup disease, whereas after administration of the constituent free amino acids, transport of the histidine moiety was grossly deficient. If this oligopeptide is representative of the large number of similar compounds derived from protein hydrolysis, uptake of peptides may be the principal mode of absorption of essential amino acids in Hartnup disease.
In normal subjects jejunal absorption is probably in the form of both free amino acids and oligopeptides, whereas in Hartnup disease uptake of oligopeptides may be the main transport pathway for those amino acids which cannot be taken up in the free form. This would account for the slight nutritional defect in Hartnup disease, shown clinically by pellagra and reduced stature, but which, with a full western-type diet, would still be adequate to ensure reasonably good nutrition. A period of undernutrition often antedates the clinical presentation (Jepson, 1966) ; possibly as a result of poor nutrition the small intestinal cell membrane peptidases are reduced (Solimano, Burgess, and Levin, 1967) and oligopeptide transport is impaired.
The results of the modified barium meal confirm the inadequate and slow absorption of products of protein digestion in Hartnup disease. As a diagnostic method, however, this technique will obviously be less useful than the disaccharide bariummeal introduced by Laws and Neale (1966) for recognition of intestinal disaccharidase deficiencies. In any case suspected as Hartnup disease, the diagnosis can rapidly be confirmed or refuted by the simple and unequivocal method of urinary amino acid paper chromatography.
